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Abstract 
Rotor seals are the most important element of turbomachine. Seals characteristics determine efficiency, reliability and lifetime of 
turbopump. Labyrinth seals have lower flow coefficient compared to gap seals. However they are used not so often because 
under certain conditions they may cause of rotor dynamic instability. Vortex in seal grooves are one of the causes of rotor 
oscillations. And their number, configuration, dimensions and velocity directly depend on groove geometry. The paper describes 
the modeling of the flow in labyrinth seal using ANSYS CFX, the influence of groove geometry on vortex number, dimension 
and configuration. 
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1. Introduction 
Turbomachines combine many devices (turbines, pumps, generators, turboexpanders, compressors etc.) and are 
widely used in various fields of human activity for energy conversion and effective power doing. Although each of 
these types of turbomachinery has certain distinctive features and one of the most difficult, critical and high 
technology turbomachines are liquid rocket engines (LRE) turbopumps (TPA). Flow path seals are an important 
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element of any turbomachine [1]. It should be noted that the seals characteristics substantially determine efficiency, 
reliability and life time of turbomachines. 
The most commonly seals used in pumps and turbines of LRE turbopumps are gap and labyrinth seals. Labyrinth 
seals have lower flow coefficient compared to gap seals. However they are used not so often because under certain 
conditions they may cause of rotor dynamic instability [2, 3]. Analysis of the high-speed rotors dynamic 
characteristics requires consideration of the influence of the flow in the seal. 
 
2. Theoretical research 
The flow in the labyrinth seals and their influence on the rotor dynamic characteristics are studied in many works 
[4-11]. However, most works consider action of average hydrogasodynamic forces in the sealing clearance to the 
rotor and leakages throw the seal. These forces and leakages are estimated by some semiempirical methods or based 
on a two-dimensional simulation of the flow. Nevertheless the number, size and location of the vortices formed in 
the labyrinth seal chambers won’t evaluated. Theoretically, one of the possible causes of self-oscillation of the rotor 
with labyrinth seals is not only the influence of average hydrogasodynamic forces in the sealing clearance but also 
the size, location, velocity of the vortices in the labyrinth seal grooves. The number of vortices depends on the 
geometrical parameters of the seal. In our opinion, the study of the flow pattern in the labyrinth seal groove will 
provide the optimum geometrical dimensions of the seal for minimizing leakage and eliminating or minimizing the 
negative influence seal to the rotor dynamic characteristics. And in the future to create an effective labyrinth seal 
that would have no negative influence to the rotor dynamic characteristics. 
The article presents the results of labyrinth seals modeling by using software package ANSYS. This is performed 
to determine seal geometry influence on size and velocity of the vortices in the labyrinth seal chamber. 
The study was carried out for the labyrinth seal which is schematically shown in Figure 1. 
 
 
Fig. 1. Labyrinth seal schematic 
The vortex number and configuration are determined under the next conditions: the seal strip height b – varied 
from 0.1 to 1.5 mm with a pitch of 0.05 mm. The width of the seal strips hb = 0.5 mm and grooves hk =4 mm are 
constant. Radial clearance for all variants is the same and amounts to h = 0.14 mm. Three-dimensional model of 
sealing clearance geometry is designed using the program SolidWorks. The analysis is performed under condition of 
rotor and stator seal elements concentricity. Though the high relative movement speed of seal rotor and stator 
elements such problem statement gives the opportunity to use in the modeling not the whole area of the flow, but the 
angular sector 1° – cyclically symmetric element. This makes it possible, ceteris paribus, to build a fine grid to 
obtain high-quality results, and also reduce the need for computing power equipment. A three-dimensional 
geometric model after designing was imported into the ANSYS built-in grid generator Mesh. The computational 
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grid was constructed uniform throughout the flow region with the maximum size of a cell less than 0.01 mm. The 
grid quality depends on the convergence and accuracy of the results. The grid cells size decreases results to accuracy 
rise. But the cells number growth increases the computing power needed for the task. According to it the number 
and the maximum cell size was selected. The average number of cells is 7422880 things. During a grid generation 
parameter y+max was used as evaluation parameter of its quality, because it is the main criterion for any turbulence 
model behavior predicting. For this task y+max≈1 that indicates the quality of the grid generation. Further 
computational domain with grid is sent in ANSYS CFX for selecting the working fluid, turbulence model, the 
boundary conditions and solver settings. Air temperature 277 K was selected as a working fluid during modeling. 
The computational domain inlet and outlet pressure is set to a 1.1 MPa and 0.1 MPa, respectively. Boundary 
conditions are the next: on the rotor and stator surface it is set relative roughness, rotor speed (for all variants of 
solution it is constant and equals to 30,000 rpm), and the condition "without slippage" for the flow. As the 
turbulence model it was chosen SST (Schear-Stress-Transport) model based on the solution of the averaged 
Reynolds equations (Reynolds-averaged Navier-Stokes – RANS). It qualitatively describes the core and the wall 
layers of turbulent flow. It is robust and not demand on processing power, gives good results in the calculation of 
such phenomena as flow separation, doesn´t increase the calculation time for one global iteration [12]. Direct 
Numerical Simulation (DNS) involves solving of the full unsteady Navier-Stokes equations and the continuity 
equation is the most accurate method for turbulent flows modeling. DNS difficulties are computer resources limit 
even now. The results obtained by using the DNS from a practical standpoint could be used for testing and 
calibration of RANS turbulence models [13]. The analysis [13] presented that the modeling performed using RANS 
SST turbulence model showed good agreement with the DNS calculation. Moreover, the dimensionless velocity 
profiles field character is consistent with that expected for the corresponding turbulence model. As advective 
solution schematic was selected High Resolution, accuracy of the results is taken equal to 10-4 and the convergence 
to the RMS parameters obtained characteristics. When selecting RSM convergence in absolute values the 
calculation time increases significantly. After selecting the turbulence model the developed model is calculated. 
The results of mathematical modeling showed that, depending on the seal strip height (b) in the labyrinth seal 
groove different number of vortices is appeared. When b=0.1–0.2 mm (for the seal strip height to the radial 
clearance of |1 (b/h=0.7–1.4), the vortex formed in the upper left corner of the groove (Figure 2, 3). But its 
rotational speed is approximately 10,000 times as lower than the average flow velocity. We can assume that it can´t 
have the negative impact on the rotor dynamics because of its low speed and size. When rotor passing labyrinth seal 
groove the flow disturbance occurs. Figures 2 and 3 show “jump” that leads to a change of the flow direction of the 
working fluid vector at the groove exit, which is directed at an angle to the rotor. As a result in this area additional 
forces that lead to increasing of the negative influence to the rotor dynamic characteristics initiations are possible. 
 
 
Fig. 2. Labyrinth seal working fluid current streamlets in b=0.1 mm 
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Fig. 3. Labyrinth seal working fluid current streamlets in b=0.2 mm 
 
Further increase of seal strip height b increases the size and speed of the vortex and its movement in the right part 
of the labyrinth seal. It changes the "arcform" trajectory of disturbed flow and makes it flatter. As a result the vector 
angle of the working fluid flow direction is reduced. For relations b/h=5–5.7 (when b=0.7–0.8 mm) under the 
existing first vortex which occupies almost the entire area of the grooves in the top left corner of labyrinth seal 
groove the second vortex occurs (Figures 4 – 7). But as in the case of the first vortex its speed is low. 
In the different labyrinth seal grooves the configuration and direction of the vortex is also different. At the first 
from inlet of the labyrinth seal groove when b=0.7 vortex is directed perpendicularly to the rotor rotation axis and 
moving in the direction from the rotor to the stator. In the second groove originated flow cores of the second 
turbulent vortex is already clearly visible. But in the area of two vortices interaction the flows directed along the 
normal to the core of the second vortex are still presented. This difference is associated with a pressure and a flow 
velocity decreasing during passing the second groove seal strip. When b≥0.8 the second vortex size increases and 
shifts the first ever closer to the right side of labyrinth seal groove.  
 
 
 
Fig. 4. Labyrinth seal working fluid current streamlets in b=0.7 mm (first groove) 
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Fig. 5. Labyrinth seal working fluid current streamlets in b=0.7 mm (second groove) 
 
 
Fig. 6. Labyrinth seal working fluid current streamlets in b=0.8 mm (first groove) 
 
 
Fig. 7. Labyrinth seal working fluid current streamlets in b=0.8 mm (second groove) 
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3. Conclusion 
The modeling shows the seal geometry influence to the configuration, size and number of vortices in a labyrinth 
seal. When values of the relation of seal strip height to the radial clearance |1 speed and the size of the vortex is 
insignificant. Upon reaching relation the seal strip height to the radial clearance |5 vortex velocity is comparable to 
the flow speed. The modeling results will be the basis for further research of labyrinth seals parameters and estimate 
their influence to the rotor dynamic characteristics. On the basis of this research it is planned to perform a modeling 
of the conjugate problem – fluid dynamics in the radial clearance and rotor dynamics to estimate the labyrinth seals 
influence to turbopump efficiency and rotor dynamic characteristics. 
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